Background: Our aim was to determine the combined and independent effects of tobacco and marijuana smoking on respiratory symptoms and chronic obstructive pulmonary disease (COPD) in the general population.
C annabis, commonly known as marijuana, is the most widely used illegal drug in the world. After tobacco, it is the second most widely smoked substance in the general population, with a conservatively estimated 11 million users in the United States and 160 million users worldwide.
1, 2 The majority of people in both developed and developing countries who currently smoke tobacco have also smoked marijuana. [3] [4] [5] [6] Concerns about the impact of marijuana on lung health are based on the fact that both the gaseous and the particulate phases of tobacco and cannabis smoke contain a similar range of harmful chemicals. 7 The adverse effects of tobacco smoke on the lungs are well established. By contrast, the potential impact on lung health of marijuana smoke, with its wide range of toxins, is poorly understood. 8 Short-term, heavy marijuana smoking among young adults can worsen lung function. 9 Longterm marijuana smoking has been linked to an increase in respiratory symptoms. [8] [9] [10] [11] A recent cross-sectional study of a convenience sample of adults in New Zealand suggested that marijuana smoking increased the risk of chronic obstructive pulmonary disease (COPD). 12 However, the combined effect of smoking both tobacco and marijuana is less clear. Limited data from 2 studies suggested that combined tobacco and marijuana smoking may have additive adverse respiratory effects, 12, 13 but the studies' findings related to lung function were inconclusive.
The principal aim of our study was to determine the combined and independent effects of tobacco smoking and marijuana smoking on the risk of respiratory symptoms and COPD among adults aged 40 years and older in the general population.
Methods
Our study was part of the population-based Burden of Obstructive Lung Disease (BOLD) Initiative in Vancouver, Canada, designed to estimate the prevalence of COPD among adults aged 40 years and older in the general population. Details of the study protocol have been described in previous publications. 14, 15 To the original BOLD protocol, we added a questionnaire pertaining to the use of marijuana by participants.
Study population and design
We included adults aged 40 years and older living in the health service delivery area of Vancouver, Canada. A minimum of 600 participants per site completed the full proto- Marijuana and chronic obstructive lung disease: a population-based study col of the BOLD study. The prevalence of COPD was assumed to be 15%. 15 We conducted sampling in 2 stages. First, we used random-digit dialling to identify and recruit a randomized sample of at least 1000 people. 16 Recruits were then invited to the clinic to complete standardized questionnaires administered by interviewers. Demographic details were collected, and participants were asked about their respiratory health and symptoms, smoking history, quality of life, use of health care services and cardiovascular comorbidities and other respiratory diseases. We also performed spirometric testing before and after administration of a bronchodilator. 15 We collected data from August 2005 to April 2006.
We obtained approval to conduct the study from the University of British Columbia and the Providence Health Care Research Ethics Board.
Questionnaire on marijuana use
To obtain details about participants' marijuana use, we used a 7-item questionnaire (Appendix 1, available at www.cmaj.ca /cgi/content/full/180/8/814/DC2).
Spirometric testing
We used a portable spirometer (EasyOne, ndd Medical Technologies, Andover, USA) to collect data on forced expiratory volume in 1 second (FEV 1 ) and forced vital capacity (FVC). We performed the spirometric tests before and after administering 200 μg of salbutamol (also known as albuterol) in accordance with the acceptability and reproducibility criteria of the American Thoracic Society.
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Definitions
Using criteria established by the Global Initiative for Chronic Obstructive Lung Disease, 15, 17 we defined COPD as spirometric evidence of a ratio of FEV 1 to FVC of less than 0.70 after bronchodilation. We defined a history of tobacco smoking as a self-reported lifetime total of at least 365 cigarettes smoked, and a history of marijuana smoking as a report of any previous smoking of marijuana. For a more clinically relevant and comparable measure of marijuana use, we defined a substantial history of marijuana smoking as the selfreported lifetime total of at least 50 marijuana cigarettes smoked. This threshold is based on a finding by Aldington and colleagues 12 that the effects on lung function of smoking 1 marijuana cigarette are equivalent to the effects of smoking 2.5 to 5 tobacco cigarettes.
For both tobacco and marijuana use, we defined current smoking as any smoking within the past year. Former smokers were those who reported not having smoked for at least 1 year. Lifetime exposure to tobacco was expressed in packyears 15 (i.e., the number of packs of cigarettes per day multiplied by the number of years of smoking). Lifetime exposure to marijuana was either calculated similarly as "joint-years" 12 or expressed as lifetime cumulative number of marijuana cigarettes smoked. 13 
Statistical analysis
We did not use an a priori calculation of sample size for marijuana exposure because the sample size was fixed according to the aims of the BOLD study. Using a post hoc analysis, we determined that, without adjustment, our study would have 95.2% power (α = 0.05) to detect a significant effect of a history of marijuana smoking on risk of COPD. When we adjusted for the facts that more than 30% of participants who smoked marijuana also smoked tobacco and that the marijuana smokers were younger and less likely to have comorbidities, Completed screening questionnaire, willing to undertake full protocol n = 1033
Excluded n = 155
• Eligible but declined to participate further n = 130 we had 80% or greater statistical power (α = 0.05) to detect a 15% difference in the rate of COPD between marijuana smokers and nonsmokers (of any kind), which corresponds to an adjusted odds ratio of 2.90. The observed difference, however, was 1.66, which meant that we had insufficient power to rule out clinically important adverse respiratory effects of marijuana smoking alone. We compared baseline characteristics using a χ 2 test for dichotomous variables, a t test or analysis of variance for continuous variables with normal distribution and a KruskalWallis test for continuous variables with a skewed distribution. Using multiple logistic regression analyses, we calculated odds ratios (ORs) with 95% confidence intervals (CIs) for associations between smoking tobacco or marijuana and increased risk of COPD, and between smoking tobacco or marijuana and increased risk of respiratory symptoms sug- gestive of COPD. For these analyses, we identified COPD by spirometric test results or by self-report of a physician's diagnosis of COPD, chronic bronchitis or emphysema. Respiratory symptoms suggestive of COPD were identified as chronic cough with phlegm and current wheezing or shortness of breath. We forced the main predictor variables in our study model, which were no smoking (reference), marijuana smoking only, cigarette smoking only, and an interaction term of smoking marijuana and tobacco concurrently. We used a stepwise process, with a significance level of p ≤ 0.05 for both entrance and retention of each predictor variable, 17 to select the covariates age, sex, body mass index, ethnic background, education level, history of asthma (ever or current), and other comorbidities including heart disease, hypertension, stroke, diabetes and tuberculosis. We applied a Wald test to detect the significance of the interaction term of concurrent marijuana and tobacco smoking. All tests were 2-tailed in nature.
Results
Study population
Details of the recruitment flow in the 2-stage sampling process are shown in Figure 1 . The overall cooperation rate for the sample recruited by random-digit dialling was 51%. 15 The Vancouver sample reflected the demographic characteristics of the population 16 (Appendix 1, available at www.cmaj .ca/cgi/content/full/180/8/814/DC2).
A total of 878 participants aged 40 years and older completed the interview involving the core respiratory questionnaires and underwent spirometric testing. Of these, 866 participants (99%) completed the questionnaire on marijuana use and 856 (98%) also had spirometric test results that met the acceptability and reproducibility criteria of the American Thoracic Society. Of the 856 participants included in our analysis, 361 (42.2%) were men and 692 (80.8%) were white. The mean age of participants was 56.3 years (standard deviation 11.9 years).
Participants with COPD tended to be older, to be white, to have lower levels of education and to have a greater load of lifetime smoking exposure (expressed as pack-years for tobacco users and as total number of marijuana cigarettes smoked for marijuana users) than participants without COPD (Table 1) . Participants with COPD were also more likely to have used tobacco or marijuana, to have comorbidities including asthma, cardiovascular disease and hypertension and to have a history of hospital admission for respiratory problems before 10 years of age. The characteristics of participants who had a significant history of marijuana use (i.e., had smoked at least 50 marijuana cigarettes in their lifetime) were compared with those who did not have a significant history of marijuana smoking ( Table 2) . Compared with those who had no history of marijuana use, both former and current marijuana smokers tended to be younger and to have higher income levels. They were more likely to be male, white and current smokers of tobacco, and less likely to have a history of hypertension or diabetes. They also had significantly greater baseline lung function (in terms of percentage of predicted FEV 1 and percentage of predicted FVC, p < 0.001) (Figure 2 ) (Appendix 2, available at www.cmaj.ca/cgi/content/full/180/8/814/DC2).
Prevalence of COPD and tobacco or marijuana use
The prevalence of smoking among adults aged 40 years and older was 13.5% (95% CI 11.1%-15.9%) for current tobacco smokers and 53.1% (95% CI 49.8%-56.4%) for those who had a history of tobacco smoking. The prevalence of smoking was 14.0% (95% CI 11.6%-16.4%) for current marijuana smokers and 45.5% (95% CI 42.2%-48.8%) for those who had a history of marijuana smoking. For smokers of tobacco only and smokers of both tobacco and marijuana, the median lifetime dose of tobacco was 16 pack-years. For smokers of marijuana only and smokers of both tobacco and marijuana, the median lifetime dose of marijuana was 0.23 joint-years, or 84 marijuana cigarettes (Appendix 3, available at www.cmaj .ca/cgi/content/full/180/8/814/DC2).
The prevalence of COPD, defined by spirometric testing, was 19.3% (95% CI 16.36%-22.24%) for all 4 stages of COPD defined according to the criteria of the Global Initiative for Chronic Obstructive Lung Disease. 15, 17 For COPD defined as stages 2 to 4, the prevalence was 8.2% (95% CI 6.24%-10.16%). For COPD defined by self-reporting of a physician's diagnosis, the prevalence was 7.4% (95% CI , by self-report of respiratory symptoms (presence of chronic cough with phlegm and current wheezing or shortness of breath) and by self-report of a physician's diagnosis of COPD, chronic bronchitis or emphysema. Note: ref = reference group. *Adjusted for age, sex, ethnic background, body mass index, education, asthma and other comorbidities (i.e., heart disease, hypertension, stroke, diabetes and tuberculosis) and interaction terms for concurrent smoking of marijuana and tobacco (p = 0.001 for COPD defined by spirometric testing, p = 0.283 for COPD defined by self-reported symptoms, and p < 0.001 for COPD defined by selfreport of a physician's diagnosis). †Participants who had smoked at least 365 tobacco cigarettes. ‡Participants who had smoked at least 50 marijuana cigarettes.
5.64%-9.16%). For respiratory symptoms, the prevalence was 52.6% (95% CI 49.27%-55.93%).
Association between smoking and COPD or respiratory symptoms
For participants who reported smoking tobacco, the adjusted OR of COPD was 2.74 (95% CI 1.66-4.52). The adjusted OR of respiratory symptoms was 1.50 (95% CI 1.05-2.14) for these participants. Participants who had smoked at least 50 marijuana cigarettes but had no history of tobacco smoking were not at significantly greater risk for either outcome. Those who had smoked both tobacco and marijuana had a significantly greater risk of COPD (OR 2.90, 95% CI 1.53-5.51; p for interaction term 0.001) and respiratory symptoms (OR 2.39, 95% CI 1.58-3.62; p for interaction term < 0.001) (Figure 2 ).
Interpretation
We examined the impact of marijuana smoking in a population-based sample by quantifying the association between marijuana smoking and COPD using 3 definitions: as defined by spirometric testing, by self-report of a physician's diagnosis and by self-report of respiratory symptoms. Smoking only tobacco was associated with an increased risk of COPD, as defined in all 3 ways. Smokers who reported using both marijuana and tobacco were almost 2.5 times more likely than nonsmokers to have respiratory symptoms and nearly 3 times more likely than nonsmokers to have COPD as defined by spirometric testing. These effects persisted even after we adjusted for potential confounders, such as age, sex, asthma and other comorbidities, and comparable tobacco exposure (in pack-years).
A dose-related effect of marijuana was suggested by our finding that a self-reported lifetime exposure to marijuana of at least 50 marijuana cigarettes was strongly associated with an increased risk of COPD. The significant interaction term suggested that the effects of marijuana and cigarette smoking were synergistic. We were unable to rule out clinically important respiratory effects of smoking only marijuana, because of insufficient statistical power. A much larger study is needed to address this critically important question.
Both the demographic characteristics of the study population (older adults in Vancouver) and the prevalence of smoking in our study differed from those in the published literature. Participants in our study were older than those in other studies to date. 4, 10, 13, 18 The prevalence of tobacco smoking in our study was comparatively lower. Marijuana use was as prevalent as tobacco use and was much higher than that previously reported for marijuana in the United States and Canada. 3, 19, 20 Although studies have consistently linked long-term marijuana use to increased respiratory symptoms, studies examining the role of marijuana smoking in the development of COPD have reported conflicting results. 8, 10, 11, 13, 21, 22 The lack of an association between smoking only marijuana and COPD in our study is similar to that reported in the cross-sectional United States National Health and Nutrition Examination Survey. That survey studied a younger population and defined marijuana smoking as a history of at least 100 instances of marijuana use. 4 Our findings also concur with those of a longitudinal study of a convenience sample of adults in Los Angeles, United States, who smoked marijuana heavily (i.e., had a mean dose of more than 3-5 marijuana cigarettes per day). 11 However, our results differ from those of a longitudinal population-based study involving adults in Tucson, United States, in which nontobacco smoking (assumed to be marijuana smoking) was associated with reductions in FEV 1 and in the ratio of FEV 1 to FVC. 18 Our findings also differ from those of a recent case-control study involving mostly male volunteers that linked a lifetime marijuana exposure of at least 5 jointyears (1825 marijuana cigarettes) with COPD.
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Limitations
Our study had several limitations. We lacked data on possible variations in the potency of marijuana smoked over a participant's lifetime, on individual differences in method of inhalation used by smokers of only tobacco and by smokers of both tobacco and marijuana, on the proportion of smokers who combine marijuana and tobacco in the same cigarette and on the concomitant use of other illegal drugs. Our study had insufficient power to detect a modest association between smoking only marijuana and increased risk of COPD. However, we were able to detect a significant synergistic effect between marijuana smoking and tobacco smoking. This effect suggests that smoking marijuana (at least in relatively low doses) may act as a primer, or sensitizer, in the airways to amplify the adverse effects of tobacco on respiratory health. Further studies are needed to test this hypothesis.
Conclusion
Our findings have implications for policy and research. Antismoking campaigns should include a reduction in marijuana use among their goals, aiming especially at those who regularly use both marijuana and tobacco.
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